We developed a mobile, wireless videoconferencing system suitable for use in a hospital accident and emergency (A&E) department. Four consultants, eight junior doctors and 11 nurses working in the A&E department tested the system. Transmission of three types of data (audio, still images and video) was tested. The audio for the breath and heart sounds was judged to have some disturbance. One consultant rated the diagnostic quality as good and one rated it as fair. The quality of the still images was judged to be from fair to excellent. The quality of the video was rated as good. Possible interference between the wireless local-area network and various medical devices in the A&E department were examined, but none was detected. The four consultants who tested the system were very positive in their initial comments. Eight of the 11 nurses remained sceptical about its use. Of a total of 20 patients who answered a survey, 13 were slightly anxious about the use of the system to transmit their data to a distant point. Overall, the performance of the system was satisfactory for use in the A&E role.
Introduction
In a real-time teleconsultation, a communication link provides audio and video transmission between a generalist clinician at the patient's side and a consultant located somewhere else, often in an office. [1] [2] [3] Teleconsultation systems used in hospitals commonly consist of a heavy trolley on which is mounted a TV monitor, a codec and other equipment. 4 The whole system can weigh up to 70 kg and needs to be plugged into mains power and telecommunication sockets. Due to its size and weight, such equipment is usually kept in a special room.
In the hospital accident and emergency (A&E) department, teleconsultations therefore require moving the patient to a specially equipped room, or moving large and heavy equipment to the patient trolley. Neither method is ideal. Recently, performance indicators were introduced for A&E departments in the UK. One target is to deal with 90% of patients within 4 h, so there is pressure to deal with patients rapidly. Teleconsultation may be useful in such circumstances. The need was therefore, for a small trolley without any wires that could be wheeled next to the patient to conduct a teleconsultation.
Methods
We developed a mobile videoconferencing system, with equipment mounted on a trolley. The mobile trolley used a wireless connection to the hospital's network via an access point in the ceiling. The trolley housed a laptop computer (Vaio PCG-SRX51P, Sony) and a camcorder (DCR PC100E, Sony) capable of transmitting both video and still images. The person operating the system could either point the camera directly at the patient, or at any displayed medical information available at the time (e.g. ECG monitors, hardcopy outputs, X-ray films, CRT screens, details of the patient). The system could also be connected to any medical equipment (e.g. digital stethoscope) that produced a video or audio output. The contents of the trolley weighed 3 kg ( Figure 1) .
A video encoder (F5U208, Belkin) was used to connect the camcorder to a USB port on the laptop. The data to be transmitted were processed by the mobile computer and fed into the network path. A wireless local-area network (WLAN) card (Aironet 802.11A/B/G, Cisco) transmitted the data to the local WLAN. Two wireless access points (Aironet 1130AG, Cisco) were placed in the A&E department ( Figure 2 ) to pick up the signals from the mobile trolley and forward them to the wired hospital network. A PC was used to receive and transmit the video and audio. The only software required was a web browser and Netmeeting (Microsoft).
Testing
The system was tested from offices in the A&E department at the Central Middlesex Hospital or from offices at Northwick Park Hospital using the hospital's network. The tests took place between November 2002 and January 2005. Most of the testing was done at the Central Middlesex Hospital. In all, four consultants, eight junior doctors and 11 nurses working in the A&E department tested the system.
Available bandwidth
Measurements of the available bandwidth on the WLAN were made by a network-monitoring programme running on the mobile computer (CommView). Even though the 802.11b standard defines transmission at 11 Mbit/s there is usually only a bandwidth of 2.5-3 Mbit/s available to the user.
Possible interference
Possible interference between the WLAN and various medical devices in the A&E department were examined. Each of the devices usually found in an A&E ward or resuscitation room was tested, including oscilloscopes, which tend to be the most vulnerable to electromagnetic interference. Both the mobile PC and the access point were placed in a number of different positions near or on the device in question. To ensure realistic conditions, all the devices being tested were connected to patients and possible changes in their vital signs were examined both by doctors and by technicians. Transmission powers of both 30 and 50 mW were used.
Data transmission
Transmission of three types of data was tested:
Audio: Four different types of heart sounds were recorded by a cardiologist for teaching medical students and four breath sounds were used from an electronic stethoscope (Model 4000, Littmann). Three audio compression algorithms were used (G.711, G.721 and G.723) to decide which one performed better.
Still images: The following still images were used: macro photograph of patient Â 5 images; camera pointing at the screen of an ECG monitor (TFT display) Â 1 image; Video: About 4 h of videoconferencing were used.
In each case, one consultant assessed the transmission using a five-point scale from Very Poor to Excellent. In the case of video, the consultant assessed whether the moving image was at least good or excellent, the sound was at least fair, good or excellent, and whether there was any deterioration of the image to poor or very poor when the person at the transmitting end was moving rapidly.
User comments
Comments were sought from the doctors and nurses who tested the system. Eleven nurses at the Central Middlesex Hospital were asked their opinion of the system over a period of four weeks. In addition, 20 patients who used the system were given an eight-item questionnaire over a period of four weeks.
Permissions
Approval for the study was granted by the appropriate ethics committee. Permission was obtained from the patient if their images, or any other information, was used for transmission.
Results
Overall, the wireless connection appeared to have enough bandwidth for videoconferencing without significant numbers of video frames being dropped. About 1 Mbit/s was required to work effectively. The audio for the breath and heart sounds was judged to have some disturbance. One consultant rated the diagnostic quality as good and one rated it as fair.
The quality of the still images was judged to be from fair to excellent, Table 1 .
The quality of the video was judged to be Good. The reason for not calling it Excellent was that the quality deteriorated a little when there was rapid movement. Similar video frame rates were achieved at the different hospital locations tested, see Table 2 .
No interference with medical equipment in the A&E department was detected, Table 3 .
User comments

Doctors
The four consultants who tested the system were very positive in their initial comments. Two of them were constructive in their criticisms. After some of the initial teething problems were corrected, they continued to request system improvements, as they understood the potential of the system. Their requests included the transmission of the videoconferencing system's output to their home through the use of broadband lines and being able to use a 3G mobile device to view the video.
Nurses
Eight of the 11 nurses did not seem to grasp the potential of the system and remained sceptical about its use. They commented that such systems need a champion and once that person leaves, the equipment often falls into disuse. They also felt that the equipment was too small to prevent theft.
Patients
A total of 20 patients were able to answer the survey. More than half of them (13) were slightly anxious about the use of the system to transmit their data to a distant point, Table 4 . This may have been partly because patients in an A&E area are inclined to worry more about their health, rather than the potential for telemedicine. In addition, when explaining to them that their images and video would be transmitted to a distant location there was concern about the overall security of the system and about the possibility of others viewing their personal data. These concerns were worse in older people. However, many patients were enthusiastic about the possibility that a technically advanced system was being used for their benefit.
Discussion
There is limited previous experience with mobile videoconferencing equipment in the A&E environment. 5 We used commonly available software for videoconferencing and chose a video resolution of 640 Â 480 pixels. The compression factor of the video could be adjusted to increase the quality of the video. The testing showed that as the bandwidth available by the wireless LAN fluctuated due to the movement of the mobile trolley, the video frame rate changed and the users experienced this as a temporary 'freezing' of the video. This was more apparent when the mobile trolley roamed from one cell to another (disassociating from one access point and associating with another). In normal operation, this freezing effect lasted for less than 200 ms, but could reach up to 10 s while roaming from cell to cell. Generally, the video frame rate was 13-18 fps. Frame rate fluctuation is always expected in a wireless system. However, by choosing the proper resolution and compression (640 Â 480 pixels/fast) the bandwidth requested from the wireless link was limited (about 250-350 kbit/s out of 2500 kbit/s), and so the fluctuation due to bandwidth shortage was minimized. The G.723 audio compressor algorithm was sufficient for videoconferencing between doctors. When an external sound source was connected to the system (e.g. electronic stethoscope, ultrasound monitor), the CCITT A-Law or u-Law performed better as judged by an oscilloscope connected to the output of the system.
The still images from the digital camera (2-4 Mpixels) were of higher resolution than the video pictures transmitted by the videoconferencing system. Generally, the quality of the still images was very satisfactory. When capturing images of X-ray films it was often better to adjust the brightness of the camera manually than to allow it to adjust the exposure automatically.
The IEEE 802.11b/g wireless protocol allows clients to roam from one access point to another while retaining their connection to the network. This means that multiple access points can be placed in suitable locations around a hospital, allowing a mobile trolley to roam around while running real-time applications.
Wireless LANs use a spread-spectrum technique to spread their signal to the entire available frequency band. As they continuously transmit a low power signal, the chance of interfering with any device (medical or not) is low. No visible interference was noticed in all the medical equipment tested in Central Middlesex Hospital and Northwick Park Hospital.
When evaluating a telemedicine system, the objective is to demonstrate that the health care information provided by telemedicine is as useful as that provided by conventional means. Overall, the performance of our system was satisfactory in a variety of applications and was better than static telemedicine equipment from certain points of view, such as its lowcost, portability, versatility and better macro images. It had a relatively low cost of installation and maintenance. In addition it was easily upgradeable (in order to adapt to new developments in communication technology), thus making it suitable for use in a number of health care applications.
